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tntC'oduction 

Models of the 6.6!, AO ::un bore dipole ::tagnet 
fo~ the sse have been buiLt in l-m and A.5 ::t 
Lengths Cl ,2); C'ecently, full length II ::t ::'Iodels 
have been built() . These ::Iodels use a J-~edge 
cross sec t ion and s ta inless steel co lIars. !{ecenc. 
R&D results at La~ence 3erkeley Laboratory aimed ac. 
improvements in current density and field uniformity 
are described; a A-wedge cross section has been 
tasted. Also, pC'ogress has been made toward 
elimination of magnet training and understanding of 
internal coil stresses. 

Superconductor and Cable 

Improved 1ibTi alloy and ::tultiple heat 
treatments have recently resulted i n incC'eased J c 
of wt~e from. production size billets. ( A) tn 
addition. the use of diffusion barriers to isolate 
NbTi from copper during extrusion and heat tC'eatment 
has C'8sulted in reliable prOduction of 5 lim 
filaments to minimize magnetization at low fields. 
Presently, 5 l'm filaments and a minimum. J c of 
2150 A/mm2 at ST. 4.22 K, is specified foC' the 
sse. Production wire · .... ith 5 l'm and )400 A/ 1Mt2 
has been produced. ~eanwhile, small lots '.ith J c 
up to J 100 A/ mm2 have been prOduced so there are 
good pC'ospects for exceeding the present 
specification in future production. 

Local damage to filaments often occurs as the 
cab le passes through flattening rollees during 
mapufacture. !his can easily reduce overall 
critical current by as :nuch as 1ST.. However. with 
control o f wire and cable parametec-s, we believe 
damage can be limited. Lengths o f both lnner 
23-stra~d cable and outer JO-strand cable with 

fi.g. 1. Photograph of cras s section 
showing a 4-wedge coil configuration. 
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5-8 l'Rl filament diameter ::tade C'ecent ty ''It L3l. have 
shown negligible degradation with cabllng. 

CollaC' Design and Coil ?restress 

the four coils are assembled · .... ith interlocking 
collars (similaC' i n concept to those used ~n the 
tevatron) that provide accurate coil ?ositioning and 
pC'8stC'ess to minimi:l:e conductor ::tot ian. PC'estress 
oc at least 25 HPa is requiC'ed for the inner Layer 
and 20 !iPa for the outer layer to maintain contact 
with the pole at 6.&T. 

The pc-esent design uses self-supporting, 15 :\'::1 

wide stainless s teel co llars fastened · .... ith t' .... o keys 
on each side as shown in fig, 1. 

Previous :neasuC'ements an 1-::t mode ls (5) '.i t~ 
stainless steel collars showed that the ..1~i::"ut.hal 

prestress applied to the coils durin!!, collar 
assembly is reduced immediately by 50-60". as the 
assembly force is transferred to the keys and 
collars. this i.s due to assembly clearances and 
elastic deformation of the collar pack. Subse · 
quently, further reduction of about 15 to 25". occuC's 
due to creep of the plastic insulation during roo:tl 
temperature s torage. Also . because of the C'elative 
the~l contraction of coils and co Llars, an 
additional loss of 28-J6 ~Pa occurs ducing cool
down. this is illustrated i.n ng. 2 from reference 
(). If the collar pack i.s stiffened by :..relding 
along the edges to prevent relative rotation of 
adjacent collars, assembly "spC'ingback" is -:educed 
to about 40T. ( BC'ookhaven National l.ahoC'atory C'esults 
an spot-welded collars i ndicate similar results; 
however. on subsequent cooldown, t he s tiffer collar 
will C'esult i n a greater loss of stress t !"\an i n ~ he 

unwelded case. This additional lo ss '""as about 
10 liPa in the !:ingle test "'ade on edge 'olelded 
collars . 
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Fig. 2, Azi:nuthal stc-ess i. n the windings 
during assembly and cooldown. of magnet 
(not to scale). 
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. ~ In eontrast, aluminum eollars los. las. 
pre.tra,. on cooldown beeause ot srestar tharmal 
eontraction; also. they have lower coat . aecent 
lUIesuraments on two model masnats with 15 mm. wida 
aluminum (1075 .;aUoy) collet's lndieatu that a 
prestres. lo.a of about H KP. occurs durins 
cooldown. Usure) shows the inner layer azimuthal 
str... v.. tamper:-atura durins initial cooldown of 
masnet a-1 with Al eollars. the room temperatura and 
liquid heliw::l temperature values ara well 
established. but additional ealibrations are 
required to aceurataly verify the exact shape of the 
eurve; nevertheles8, this &eneral shape has been 
ob.ervad 1n several different masnats with Al 
eoUars . 

However, the "sprinsbaek" lo.. inc rea... to 
about 60-1~ beeause of the Lower elaatic ~dulu. of 
aluminum. The result is that, for equivalent 
pre.tre,. when cold, the peak a.sembly stre.. 1s 
n.arly equivalent for aluminum and stainless st.el; 
however, while stored at room temperat.ura the coU 
stra.. 13 about. 20 KPa lowar for aluminum, vhieb 
stlould result in a lower creep rata. Ihraa ulnees 
constn.acted tttis way have been tested and behava as 
axpected. 

P'iSura • shows the a;zillUthal inaer iayer st.re .. 
asain.t the eollar in malnet 8-1 durinl an initial 
cycle to )T and durin, a later cycla to I. 2T after 
the first conditionins cycle. The hy.tera.i. may b. 
due to friction between windings and collar. Than 
i. an upward shift in the zero-field st.re.. and 
additional hysteresis when the malnet is first 
eycled to a hilher field. After the eyele to I. 2T. 
repeated cycles to the same or lower fiald show that 
equilibrium has been achieved. Thia behavior has 
been observed in several !Usnet.s and the hysteresis 
may be related to the frictional heatins that. 
initiates trainins quenches. 

At about lT, the pressura asainst the pob in 
t.hi. malnet reaehed zero; this provides an 
inde-pandent eheek on the gtnin Sase caUbration. 
In the abs.nce of friction. when the Coo rant: force 
is removed, the prassure on the inner layar at. the 
pole should increase by 28 HPa (4050 psi) which is 
consistent with the observations. 
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P'i&. ). Azimuthal pressure of t he inner 
layer vindin& against the pole durins ini
tial cooldown of magnet B-1 with Al coLlars . 
(Averasa of gages in upper and lowar halves.) 

z 

Coil Cross Section 

Barly models u.ed three wadsa-shapad spaceC's in 
the ",lnding. to eontrol field uniformity; (1,2) 
hoveval:'. four wadse. seUl to be needed foC' 
sufficient field unifonaity . (6) P't.g. t shows one 
such cross section that ha. been used foC' the 
8-.. des modal :nasnets at CoSL; the ealculated 
"allowed." multipoLes are extremely small (less than 
a few parts in 106 at r~l em). The measured 
aultipolu at 1. 0T in magnet B-2 are shown in table 
I; the.. values lIIeat the SSC unifor:mity 
requiC'ements; however, we have not built enough 
IDOdds of this typa to determine the m&snet
to-masnet variation. due to fabrication toLeranees. 

Lower stiffne •• of Al allows about three tilDes 
gre.taC' deformation from IIlSsnetic forces than 
st.ainless st.el. Thi. deformation can ba eliminat.ed 
by aHovinS the collar to be supported by tha 1ron 
yoke at the ~d-plane. The three l-~ lIIodals with 15 
1tIIl wida Al collars that "'a have const.ructed and 
te.t.d are suPltorted in this manner and have 
operated satisfactorily. 

the coil assembly wes supported at two places 
at the m.d-plane as shown in I'l,. S. Upon cooldovn. 
the outar di ... tar of an Al free-standin8 eollared 
eoil would deerea •• about 0.2 mal ralativll to the 
inner diameter of the iron yoke; therefore. to 
maintain firm contaet, the coil as.embly is slightly 
defot1De4 (elastically) durin, installation so that 
it raturns to the desired shape when eold . If 
de. ired. , this shim thicm_sa can be seleeted foC' 
eacb ~Inat to control the ~d-plan. diameter of the 
coil and to adjust the coil position within the i.ron 
yoke to compensa~. for ~ll sextupole and 
quadrupole field distortion that may have been 
accidentally built tnto the coil. 

Rlimination of Irainins 

learLy all high eurrent density accalarator 
macnet.s when first enllrsized exhibit sudden 
tranaitions to the normal state at a current "'ell 
below the desi,n current; when cycled repeatedly, 
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Fi,. ' 4. Pressure of eoil aSainst pole as 
field increases (averalll of upper and low
er inner layer). 



\ ... .. the quench current C'aaches hishet' values on 
successive cycles until the critical current is 
raachad.. This "training" is ganerally C'atained. 
throughout the Lif. of the magnet unless it is 
disaas.bled. 

In both l-Ill taL and • . 5 III 8!iL models of sse 
dipoles. about 3-4 "training" quenches are C'squired 
ae 4.. K to reach critical current. For: the sse 
with approximately 8000 dipoles I tC'aining each 
magnet with chaC'3cteristics similar: to these models 
would. be costly. 

training is ,anerally thought to be caused by 
sudden Local releases of heat within the windings 
caus.d by surface friction as the Lot'ent: forces are 
applied to conduetor:'s which are not perfectly 
supported and can maye slightly. Local temperatura 
incr •••• is caused by the small heat C"elease and, if 
the critical temperature is ~aached, a quench occurs. 

with ~ccessive cycles, the windin&s become 
··pack.ed" into their equilibrium position by the 
Coerentz forces and the magnet wiU not .. train" when 
subsequantly operated at lower current. 

A strai&htforward way to C'aduce training is to 
simply add enough copper to the conducto~ to insure 
that this h.at is quick.ly conductad away to the 
liquid helium coolant, limitins the tempen.ture ~ise 
so that. no quench occurs; however. the resulting 
lower overall current. density would not b. 
acceptable for an econ~ical sse magnet. Tharefore, 
we try to reduce the local friction heating by 
supporting the cable so movement is C'educed, and 
reducin& friction coefficient batween slidins 
surfaces. t'hese me.sures minimize but. unfor
tunately. do not eliminate trainin&. However, by 
reducin& the temperature weU balow the operating 
value the critical current density is greatly in
creased, heat releases from unavoidable movements 

l'1&. S. Illustration 
between collars and 
IIlOdels with 15 nm Al 

of mid-plane support 
iron yoke used in 
collars. Also shown 
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is free-standing stainless steal collar in 
the same yoke . 
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Fig. 6. r~aining history at 4 .• K of ten t.BL l-m sse models. 
Cable with various critical current is used. 
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~ .. At [.8[, we have "conditioned" i-1ft models by 
.f first operating briefly at 1. 2T at a reduced tem

perature of a bout 2 K; no quenches occur durins this 
operation, Sub.equantly the magnets ope~te at 
4.4 K to very near the critical current limit 
without t~aining. Aftet' cycling to room temper
ature. they again operated at ".4 IC without 
training. P'i.g. 6 s hows the training history of the 
last ten models of which Bve were conditioned as 
described above; the five without conditionins had 
typical training quenches. ~or the SSC, m8snets 
might:. be similarly "conditioned" either individually 
or by group. at!:..r installation. 

1. 

tabla I . 
Multipola Fialds (mean of rising field 

and falling field ~aasuremant) 
[.BL Hodel 814-2 (Al collars; 

~C-6 Cross Section) 

Measured Specified 
by 7 . 0t tolerances (7) 

n bn ." bn ." 

4-pola 1 - . 06 .20 0.1 O. I 
6-pola 2 .14 . 45 2.0 0.6 
a-pole l -.05 .1S O. J 0.1 

10-pole 4 . 41 .01 0.1 0.2 
12-pol. 5 .01 .02 0.1 0 . 2 
U-pole 6 .0' .00 0.2 0.1 
l6-pola I -.01 .01 0 . 2 0.2 
l8-pole S .ll .00 0 . 1 0.1 
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